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Description 
TECHNICAL FIELD 

[0001] This invention relates to the casting of metal strip. It has particular but not exclusive application to the casting 
of ferrous metal strip. 

[00021 It is known to cast metal strip by continuous casting In a twin roll caster. Molten metal Is introduced between a 
pair of contra-rotated horizontal casting rolls which are cooled so that metal shells solidify on the moving roll surfaces 
and are brought together at the nip between them to produce a solidified strip product delivered downwardly from the 
nip between the rolls. The molten metal may be introduced Into the nip between the rolls via a tundish and a metal deliv- 
ery nozzle located beneath the tundish so as to receive a flow of metal from the tundish and to direct it into the nip 
between the rolls, so forming a casting pool of molten metal supported on the casting surfaces of the rolls immediately 
above the nip. This casting pool may be confined between side plates or dams held in sliding engagement with the ends 
of the rolls. 

[00031 Although twin roll casting has been applied with some success to non-ferrous metals which solidify rapidly on 
cooling, there have been problems in applying the technique to the casting of ferrous metals. One particular problem 
has been the achievement of sufficiently rapid and even cooling of metal over the casting surfaces of the rolls. We have 
now determined that the cooling of metal at the casting surface of the rolls can be dramatically improved by taking st^s 
to ensure that the roll surfaces have certain smoothness characteristics in conjunction with the application of relative 
vibratory movement between the molten metal of the casting pool and the casting surfaces of the rolls. 
[00041 It has previously been proposed in metal casting techniques to apply ultrasonic vibrations to the casting equip- 
ment or to the molten metal in that equipment. However these proposals have usually been advanced simply to prevent 
sticking of solidifying metal on the casting surfaces, to enhance release of gases from the molten metal, to reduce hon- 
metallic inclusions and to promote some internal grain refinement. 

[00051 United States Patent Specification 4,582, 1 1 7 of Julian H Kushnick discloses the application of ultrasonic vibra- 
tions to a casting surface in a continuous casting apparatus. In that case the casting surface is a continuously moving 
chilled substrate in the form of a moving endless belt extending between a pair of end rolls. The ultrasonic vibrations 
are applied to the underside of this belt beneath a puddle off molten metal formed where the metal flows onto the belt 
from a casting nozzle. Kushnick discloses that application of ultrasonic vibrations through the substrate to the melt pud- 
dle prior to the critical period of solidification has the effect of enhancing wetting of the substrate and improves heat 
transfer between the melt puddle and the chilled substrate. These improvements are said to result from the release of 
trapped air from the molten metal which increases the molten metal/substrate contact area and enhancing wetting of 
the substrate by the molten metal. As a result, inrproved heat transfer between the cNlled substrate and the molten 
metal is achieved. As in other prior art proposals to apply ultrasonic vibrations to casting techniques, the vibrations con- 
templated are in the ultrasonic frequency from 20 to 100 kHz. 

[00061 The improvements obtained by the application off ultrasonic vibrations simply to enhance wetting and the 
release of trapped gases and to prevent sticking, although valuable, do not result in a particularly dramatic improvement 
in the heat transfer between the molten metal and the casting surfaces. We have discovered that by employing casting 
roll surfaces which are particularly smooth in conjunction with the application of vibratory movements of selected fre- 
quency and amplitude it is possible to achieve a totally new effect in the metal solidification process which dramatically 
improves the heat transfer from the solidifying molten metal. The improvement can be so dramatic that the thickness of 
the metal being cast at a particular casting speed can be very significantly increased or alternatively the speed of cast- 
ing can be very significantly increased for a particular strip thickness. The improved heat transfer is associated with a 
very significant refinement of the surface structure of the cast metals. For steel casting, it has been found that the effec- 
tive vibration frequency range may be significantly lower than the range of ultrasonic frequencies previously proposed 
in the prior art processes. 

[00071 In the ensuing description it will be necessary to refer to a quantitative measure of the smoothness off casting 
surfaces. One specific measure used in our experimental work and helpful in defining the scope of the present invention 
is the standard measure known as the Arithmetic Mean Roughness Value which is generally indicated by the symbol 
R4. This value is defined as the arithmetical average value of all absolute distances of the roughness profile from the 
centre line of the profile within the measuring length 1^,. The centre line of the profile is the line about which roughness 
is measured and is a line parallel to the general direction of the profile within the limits of the roughness-width cut-off 
such that sums of the areas contained between it and those parts of the profile which lie on either side of it are equal. 
The Arithmetic Mean Roughness Value may be defined as 
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DISCLOSURE OF THE INVENTION 

[0008] According to the invention there is provided a method of continuously casting metal strip of the kind in which 
a casting pool of molten metal is formed in contact with a moving casting surface such that metal solidifies from the pool 
10 onto the moving casting surface, wherein the casting surface has an Arithmetical Mean Roughness Value (RJ of less 
than 5 microns and there Is induced relative vibratory movement between the molten metal of the casting pool and the 
casting surface. 

[0009] More specifically the Invention provides a method of continuously casting metal strip of the kind in which molten 
metal is introduced into the nip between a pair of parallel casting rolls via a metal delivery nozzle disposed above the 

15 nip to create a casting pool of molten metal supported on casting surfaces of the rolls immediately above the nip and 
the casting rolls are rotated to deliver a solidified metal strip downwardly from the nip. wherein the casting surfaces of 
the rolls have an Arithmetical Mean Roughness Value (Ra) of less than 5 microns and there is Induced relative vibratory 
movement between the molten metal of the casting pool and the casting surfaces of the rolls. 
[001 0] The invention further provides apparatus for continuously casting metal strip comprising a pair of parallel cast- 

20 ing rolls forming a nip between them, a metal delivery nozzle for delivery of molten metal into the nip between the cast- 
ing rolls to form a casting pool of molten metal supported on casting roll surfaces immediately above the nip, roll drive 
to drive the casting rolls in counter-rotational direction to produce a solidified strip of metal delivered downwardly from 
the nip, and vibration means operable to induce relative vibratory movement between the molten metal of the casting 
pool and the casting surfaces of the rolls, 

25 [0011] It is preferred that the Arithmetical Mean Roughness Value (Rg) of the casting surfaces be less than 0.5 
microns and may with best effect be less than 0.2 microns. 

[0012] For casting steels at casting speeds of the order of 30 m/min, the frequency of said vibratory movement may 
be in the range 0.5 to 20 kHz. However, the optimum frequency will be related to the amplitude of the vibrations. 
[0013] The surtece speed of the rolls will depend on the thickness of the metal being cast but the invention enables 
30 a dramatic increase in the range of potential casting speeds up to speeds of the order of 5 vn/sec, 

[001 4] In method of the present invention metal solidifies at nucleation sites which are much more closely spaced than 
has hitherto been possible and produce a much finer surface grain structure than previously achieved. 
[001 5] Preferably the nucleation density is at least 400 nuclei/mm^. 

[0016] In a typical process according to the invention for producing steel strip the nucleation density may be in the 

35 range 600 to 700 nuclei/mm^. 

[0017] Our experimental work has shown that a critical parameter which influences refinement and the associated 
dramatic increase in heat transfer is the peak velocity of the vibrational movement. Specifically, this must satisfy a min- 
imum velocity requirement for surface structure refinement. The minimum velocity requirement is influenced by the 
roughness of the casting surfaces and by the melt properties (density, acoustic velocity and surfece tension) but it can 

40 be accurately predicted. 

BRIEF DESCRIPTION QF THE PPAWINQS 

[001 8] In order that the Invention may be more fully explained the results of experimental work carried out to date will 
45 be described with reference to the accompanying drawings in which: 

Figure 1 illustrates experimental apparatus for determining metal solidification rates under conditions simulating 
those of a twin roll caster; 

Figure 2 illustrates an immersion paddle incorporated in the experimental apparatus of Figure 1; 
so Figure 3 illustrates solidification constants obtained experimentally using chilled surfaces of varying roughness with 
and without the application of vibration; 

Figures 4 and 5 are photo-micrographs showing refined and coarse surface structures of solidified surface metal 
obtained in the metal solidification experiments from which the data in Figure 3 was derived; 
Rgures 6 and 7 give topographical and heat transfer data on two particular samples of solidified metal produced 
55 experimentally; 

Figures 8 to 15 are further photomicrographs showing surface structures obtained during tests on melts of 304 
stainless steel. AOS carbon steel and 201 1 aluminium alloy; 

Figure 16 shows graphically the surface structure achieved with the application of vibration at various frequencies 
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and amplitudes; 

Figures 17 and 18 plot heat flux against time during the solidification of 304 stainless steel and A06 carbon steel at 
various vibrational velocities; 

Figures 19 and 20 show the effect of vibrations at various velocities on productivity as measured by an improve- 
5 ment of thickness of the metal deposited in the experimental apparatus for both 304 stainless steel and A06 carbon 

steel; 

Figure 21 comprises theoretically predicted vibrational velocity requirements for surface structure refinement with 
experimentally obtained values for 304 stainless steel, A06 carbon steel and 201 1 aluminium; 
Figure 22 is a plan view of a continuous strip caster which is operable in accordance with the invention; 
10 Figure 23 Is a side elevation of the strip caster shown in Figure 22; 
Figure 24 is a vertical cross-section on the line 24-24 in Figure 22: 
Figure 25 is a vertical cross-section on the line 25-25 in Figure 22; and 
Figure 26 Is a vertical cross-section on the line 26-26 in Figure 22. 



75 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0019] Figures 1 and 2 illustrate a metal solidification test rig In which a 40 mm x 40 mm chilled block is advanced into 
a bath of molten steel and at such a speed as to closely simulate the conditions at the casting surfaces of a twin roll 
caster. Steel solidifies onto the chilled block as it moves through the molten bath to produce a layer of solidified steel on 

20 the surface of the block. The thickness of this layer can be measui^ed at points throughout Its area to map variations In 
the solidification rate and therefore the effective rate of heat transfer at the various locations. It is thus possible to pro- 
duce an overall solidification rate, generally indicated by the symbol K, as well as a map of individual values throughout 
the solidified strip. It Is also possible to examine the microstructure of the strip surface to correlate changes in the solid- 
ification microstructure with the changes In the observed heat transfer values. 

25 [0020] In experimental rig illustrated in Figures 1 and 2 comprises an Inductor furnace 1 containing a melt molten 
metal 2 in an inert atmosphere of Argon gas. An immersion paddle denoted generally as 3 Is mounted on a slider 4 
which can be advanced into the melt 2 at a chosen speed and subsequently retracted by the operation of computer con- 
trolled motors 5. 

[0021] Immersion paddle 3 comprises a steel body 6 which contains a copper substrate 7 and a magnetostrlctlve 
30 transducer 8 used to vibrate the substrate. The substrate is a 18 mm thick copper disk of 46 mm diameter It Is instru- 
mented with thermal couples to monitor the temperature rise In the substrate and an accelerometer to record vibration 
levels. Magnetostrlctive transducer 8 has a Terfernol core of 12 mm diameter and 50 mm length and a maximum oper- 
ating power of 750 W. Maximum displacement was measured to be 50 microns at 0 Hz. 

[0022] Tests carried out on the experimental rig Illustrated in Figures 1 and 2 have demonstrated that the application 
35 of vibrations during metal solidification can produce a refined grain structure in the solidifying metal with greatly 
enhanced heat transfer than can be achieved with the normal coarse grained structure obtained on solidification without 
the application of vibration. The effect is particularly pronounced if the surface roughness of the chilled casting surface 
is reduced to low R^ values. 

[0023] Figure 3 plots experimental results obtained on solidification of carbon steel onto copper test blocks of varying 

40 roughness for an effective roll speed of 30 m/min. The results Indicated by the square dots relate to solidified metal 
strips obtained without the application of vibration. These strips all had coarse surface structures, a typical coarse sur- 
face structure being Illustrated in Figure 5. The results indicated by the crosses were obtained on application of vibra- 
tions at a frequency of 8-9 kHz. In each of these particular tests the solidified metal strip had a refined surface structure, 
a typical structure being shown in Figure 4. It will be seen that even with a relatively rough chilled casting surface with 

45 an Ra value of about 17.5 micron there was an improvement in heat transfer as measured by an Increase in K value 
from about 1 1 to about 17. However, a particularly pronounced enhancement Is obtained with chilled casting surfaces 
of very low Rg values, producing K values in excess of 30. Figures 6 and 7 illustrate the enhancement obtained with one 
particular casting surface with an R^ value of 0.18. Without the application of vibration the measured average overall K 
value for the resulting solidified strip was 15. On the other hand with the application of vibration at 8-9 kHz a much 

50 thicker solidified strip of steel was achieved with an overall K value of 36. 

[0024] By further experimental work we have shown that the size of the surfece solidification structure is determined 
by the frequency of melt/substrate contacts (nucleation spacing). For a coarse nucleation spacing, typically 1000-2000 
microns, the resultant surface structure is dendritic. This is typical when substrate surface roughness of approximately 
0.15 to 0.2 Ra is used, without applying vibration. When the substrate is vibrated the nucleation spacing is typically of 

55 the order of 20-40 microns and the dendritic nature of the surface structure disappears. The surface of the sample looks 
like a mln^or image of the substrate surface which suggests good wetting at the time of initial melt/substrate contact. On 
this analysis it is possible to derive a mathematical model to predict vibrational requirements for casting of different met- 
als and alloys. Hie following nomenclature is required for this purpose: 
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a - vibration amplitude (m) 

c - acoustic velocity in the melt (m/s) 

d - peak to valley depth as determined from substrate roughness (m) 

hp - half pitch distance as determined from substrate roughness (m) 

5 m - roll mass (kg) 

p - pressure acting at a solid/liquid interface (N/m^) 

Pmax - maximum pressure in the melt due to vibration (N/m^) 

P - power (W) 

R - radius of curvature (m) 

^0 Rc - critical radius of curvature needed for complete wetting conditions (m) 

<j - melt surface tension (N/m) 

p - melt density (kg/m^) 

i - refinement coefficient (m^/s) 

^peak - maximum substrate velocity due to vibration (m/s) 

'5 Uref - vibrational velocity requirement for surface structure refinement (m/s) 

The radius of curvature of the melt suspended on two points on the radius substrate surface can be expressed as: 

R = 2a/p (1) 

20 

Critical radius of curvature for complete wetting conditions, developed from geometrical considerations of the substrate 
roughness, is defined as: 

hg 

'^^^ sin(180-2arctgd/hpj 

Maximum pressure and velocity In the melt due to vibration can be expressed as: 

p„,ax = V&'t^pcfei (3) 

^peak = 27cfa (4) 
Combining (3) and (4), maximum pressure in terms of maximum velocity yields: 

Pmax = ^pCUpeak (5) 

Substituting (2) and (5) in (1) and solving for velocity, yields the velocity criterion for refinement: 



35 



40 



= (6) 



where surface tension, melt density and acoustic velocity, define the refinement coefficient as a function of melt prop- 
45 erties: 

50 

Rewriting equation (6) yields: 

»re. = J; (8) 

55 

The power requirement to vibrate a roll can be calculated as: 
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P=2mfu,e,' 



(9) 



[0025] Equations (6) and (8) define the peak velocity requirement for structure refinement as influenced by the melt 
5 properties (density, acoustic velocity and surface tension) and substrate roughness. 

[0026] The above analysis has been verified by the results of tests canried out under the following conditions: 

Melt compositions: A06 Carbon Steel» 304 Stainless Steel, Aluminium 2011 
Superheat: ^00°C 
10 Immersion Velocity: 0.5 m/s 

Substrate Surface Roughness: Rg » 0.15 to 0.2 
Furnace Atmosphere: Argon 
Vibration Frequency: 1 to 25 kHz 

15 [0027] The results of these tests are shown in Figures 8 to 19. Figures 8. 9, 10 and 1 1 show the surface solidification 
structure of 304 stainless steel samples as influenced by vibration. 

[0028] The photomicrograph of Figure 8 shows a coarse grain structure resulting from a test with no applied vibration. 
Figure 9 shows the structure achieved with application of vibration at a frequency of 4 kHz and an amplitude of 0.6 
microns. Figures 10 and 1 1 show the structure achieved with vibration at a frequency of 4 kHz and amplitudes of 1 .84 
20 microns and 4.9 microns respectively. 

[0029] It is seen that an increase in vibration amplitude at a given frequency resulted in surface structure refinement 
from 1-2 grains/mm^ up to 500-1000 grains/mm^. However, at high vibrational amplitudes shell deformation defects are 
produced as shown in Figure 11. 

[0030] Figures 12 and 13 show similar surface structure refinement produced with samples of A06 carbon steel and 

25 Figures 14 and 15 show similar results achieved with 201 1 aluminium alloy. 

[0031 ] Figure 1 6 presents the vibration conditions and the effect on surface structure for 304 stainless steel for various 
maximum vibrational velocities. In the initial stage of melt/substrate contact, the heat transfer increases with increase 
in vibration velocity (see equation (4)). At high vibration velocities (0.08 for AC6 and 0.17 for 304 stainless steel), the 
increase in heat flux gives rise to thermal stress in the solidifying steel, causing shell deformation defects as exhibited 

30 in Figure 1 1 . The thickness of samples produced was measured and the effect of vibration velocity on the thickness 
improvement achieved with 304 stainless steel and A06 carbon steel is summarised in Figures 19 and 20. At optimum 
vibration velocity, thickness improvement, both for 304 stainless steel and A06 carbon steel is typically 40-50%. 
[0032] Figures 1 9 and 20 show that significant thickness improvement is achieved over a range of vibration velocities 
spread about a clearly optimum band. Analysis of these results indicates that useful improvement can be achieved over 

35 a range of ± 50% of the mid-range velocity. In the case of 304 stainless steel as illustrated in Figure 1 9. useful thickness 
improvement may be achieved over a range of velocities from 0.02 to 0.06 m/s whereas for A06 carbon steel as illus- 
trated in Figure 20, useful innprovement is achieved for peak vibrational velocities in the range 0.01 5 to 0.05 m/s. Non- 
optimum performance at relatively low peak velocities may be practically useful but operation at relative higher peak 
velocities leads to shell deformation defects of the kind exhibited in Figure 1 1 . Accordingly, the optimum range of prac- 

40 tically useful vibrational velocities may be taken as 



45 [0033] Figure 21 shows a comparison between the vibrational velocity for refinement predicted from equation (8) 
above and actual experimental results on 304 stainless steel. A06 carbon steel and 2011 aluminium alloy. The very 
good agreement between the experimental results and the prediction from the mathematical model suggests that the 
model is sound and can be used to predict the vibrational velocity requirements for other metals. 
[0034] With smooth surfaces having an Rg factor less than 0.2 with the application of vibrations of up to 20 kHz it was 

so possible to achieve K factors in the range of 30 to 40. This has profound implications for the operation of the commercial 
strip casters in the production of steel strip. Previously it has been thought necessary to operate at a casting speed of 
30-40 m/min to produce steel strip of 1 -3 mm thickness. However at least in this range of operation the relation between 
the thickness T of the strip to be cast, the casting speed S and the solidification rate K are related generally by the for- 
mula T oc K (1/s) " . where n = 0.5. Accordingly a three fold increase of K factor as may be obtained accordingly to the 

55 invention means that it is possible to increase the thickness of the cast strip by three fold if the same casting speed is 
maintained. Alternatively, it may be possible to increase the casting speed by up to 9 times if the same strip thickness 
is maintained. For example for 2 mm strip it may be possible to achieve casting rates of the order of 4.5 m/sec. Accord- 
ingly the invention will enable casting strip speeds far in excess of any previously proposed continuous strip casters. 



6 



BNSDOCID: <EP ^oe70757BlJ_> 



EP 0 670 757 B1 



[0035] Figures 22 to 26 illustrate a twin roll continuous strip caster which can be operated In accordance with the 
present invention. This caster comprises a main machine frame 1 1 which stands up from the factory floor 12. Frame 1 1 
supports a casting roll carriage 13 which is horizontally movable between an assembly station 14 and a casting station 
15. Carriage 13 carries a pair of parallel casting rolls 16 to which molten metal Is supplied during a casting operation 

5 from a ladle 1 7 via a tundish 1 8 and delivery nozzle 1 9 to create a casting pool 30. Casting rolls 1 6 are water cooled so 
that shells solidify on the moving roll surfaces 1 6A and are brought together at the nip between them to produce a solid- 
ified strip product 20 at the roll outlet. This product is fed to a standard coiler 21 and may subsequently be transferred 
to a second coiler 22. A receptacle 23 is mounted on the machine frame adjacent the casting station and moften metal 
can be diverted into this receptacle via an overflow spout 24 on the tundish or by withdrawal of an emergency plug 25 

10 at one side of the tundish if there is a severe malformation of product or other severe malfunction during a casting oper- 
ation. 

[0036] Roll carriage 13 comprises a can-iage frame 31 mounted by wheels 32 on rails 33 extending along part of the 
main machine frame 1 1 whereby roll carriage 13 as a whole is mounted for movement along the rails 33. Can-iage frame 
31 carries a pair of roll cradles 34 in which the rolls 16 are rotatably mounted. Roll cradles 34 are mounted on the car- 
ls riage frame 31 by interengaging complementary slide members 35. 36 to allow the cradles to be moved on the carriage 
under the influence of hydraulic cylinder units 37. 38 to adjust the nip between the casting rolls 16 and to enable the 
rolls to be rapidly moved apart for a short time interval when it Is required to form a transverse line of weakness across 
the strip as will be explained in more detail below. The carriage is movable as a whole along the rails 33 by actuation of 
a double acting hydraulic piston and cylinder unit 39. connected between a drive bracket 40 on the roll carriage and the 
20 main machine frame so as to be actuable to move the roll carriage between the assembly station 1 4 and casting station 
15 and vice versa. 

[0037] Casting rolls 16 are contra rotated through drive shafts 41 from an electric motor and transmission mounted 
on carriage frame 31 . Rolls 16 have copper peripheral walls formed with a series of longitudinally extending and circum- 
ferentially spaced water cooling passages supplied with cooling water through the roll ends from water supply ducts in 

25 the roll drive shafts 41 which are connected to water supply hoses 42 through rotary glands 43. The roll may typically 
be about 500 mm diameter and up to 2000 mm long In order to produce 2000 mm wide strip product. 
[0038] Ladle 1 7 is of entirely conventional construction and is supported via a yoke 45 on an overhead crane whence 
it can be brought into position from a hot metal receiving station. The ladle is fitted with a stopper rod 46 actuable by a 
servo cylinder to allow molten metal to flow from the ladle through an outlet nozzle 47 and refractory shroud 48 Into 

30 tundish 18. 

[0039] Tundish 18 is also of conventional construction. It is formed as a wide dish made of a refractory material such 
as magnesium oxide (MgO). One side of the tundish receives molten metal from the ladle and is provided with the afore- 
said overflow 24 and emergency plug 25. The other side of the tundish is provided with a series of longitudinally spaced 
metal outlet openings 52. The lower part of the tundish carries mounting brackets 53 for mounting the tundish onto the 
35 roll carriage frame 3 1 and provided with apertures to receive indexing pegs 54 on the carriage frame so as to accurately 
locate the tundish. 

[0040] Delivery nozzle 19 is formed as an elongate body made of a refractory material such as alumina graphite. Its 
lower part is tapered so as to converge inwardly and downwardly so that it can project into the nip between casting rolls 
1 6. It is provided with a mounting bracket 60 whereby to support It on the roll carriage frame and its upper part is formed 

40 with outwardly projecting side flanges 55 which locate on the mounting bracket. 

[0041] Nozzle 19 may have a series of horizontally spaced generally vertically extending flow passages to produce a 
suitably low velocity discharge of metal throughout the width of the rolls and to deliver the molten metal into the nip 
between the rolls without direct impingement on the roll surfaces at which initial solidification occurs. Alternatively, the 
nozzle may have a single continuous slot outlet to deliver a low velocity curtain of molten metal directly into the nip 

45 between the rolls and/or it may be immersed in the molten metal pool. 

[0042] The pool is confined at the ends of the rolls by a pair of side closure plates 56 which are held against stepped 
ends 57 of the rolls when the roll carriage is at the casting station. Side closure plates 56 are made of a strong refractory 
material, for example boron nitride, and have scalloped side edges 81 to match the curvature of the stepped ends 57 
of the rolls. The side plates can be mounted in plate holders 82 which are movable at the casting station by actuation 

so of a pair of hydraulic cylinder units 83 to bring the side plates into engagement with the stepped ends of the casting rolls 
to form end closures for the molten pool of metal formed on the casting rolls during a casting operation. 
[0043] During a casting operation the ladle stopper rod 46 is actuated to allow molten metal to pour from the ladle to 
the tundish through the metal delivery nozzle whence it flows to the casting rolls. The clean head end of the strip prod- 
uct 20 is guided by actuation of an apron table 96 to the jaws of the coiler 21 . Apron table 96 hangs from pivot mountings 

55 97 on the main frame and can be swung toward the coiler by actuation of an hydraulic cylinder unit 98 after the clean 
head end has been formed. Table 96 may operate against an upper strip guide flap 99 actuated by a piston and a cyl- 
inder unit 101 and the strip product 20 may be confined between a pair of vertical side rollers 102. After the head end 
has been guided in to the jaws of the coiler. the coiler is rotated to coil the strip product 20 and the apron table is allowed 
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to swing back to its inoperative position where it simply hangs from the machine frame clear of the product which is 
taken directly onto the coiler 21 . The resulting strip product 20 may be subsequently transferred to coiler 22 to produce 
a final coil for transport away from the caster. 

[00441 In accoidance with the present invention the caster illustrated in Figures 22 to 26 can be operated in accord- 
ance with the present invention by the incorporation of transducer means 110 mounted on roll carriage frame 31 and 
operable to impart vibrations at the appropriate frequency and amplitude to produce surface structure refinement. The 
transducer means may conveniently take the form of a pair of electro-mechanical transducers slidably mounted 
together with appropriate reaction masses within a pair of transducer ban-els 111 fixed to the roll carriage frame and 
acting directly on the roll shaft bearings through push rods 112. Since the increased heat transfer is due to vibration of 
the casting surfaces in compressional mode it is preferred to orient the transducers so as to vibrate the rolls normal to 
their casting surfaces at the casting pool. However when operating at relatively low vibrational frequencies this is not 
essential since significant compressional mode vibration will be developed at the roll surfaces regardless off the direc- 
tion or manner of application. 

[0045] The power requirement to vibrate the roll can be calculated in accordance with equation (9) given previously 
in this specification. The positioning of the transducers 1 1 0 on the roll carriage is recommended for producing vibrations 
at relatively low frequencies, for example, frequencies of the order of 0.5 kHz or less, in a typical strip caster installation 
fitted with rolls weighing of the order of 3 tonne the transducer may be Terfernol core magnetostrictive transducers hav- 
ing a total operating power of 1 5 kW. ^ ^ ^ 
[0046] Where it is necessary to apply vibrations at relatively high frequencies, the vibration may be applied directly 
onto the rolls. This can be achieved by mounting a number of magnetostrictive transducers inside the roll, or at the two 
ends of the roll to engage either end surfaces of the roll or the side plates in contact with those ends. For example the 
transducer may be attached directly to the roll carriage frame 31 or to one of the side closure plates 56. Alternatively, 
the vibrations may be applied to the moHen metal by being attached to the metal delivery nozzle 19 or to the nozzle 
mounting bracket 60. In order to reduce the vibrating mass, the mounting bracket 60 may be supported on the roll car- 
riage frame 31 through flexible mountings. 

[0047] The illustrated apparatus has been advanced by way of example only and the invention is not limited to use of 
apparatus of this particular kind, or Indeed to twin roll casting. It may. for example, be applied to a single roll caster or 
to a moving belt caster. It is accordingly to be understood that many modifications and variations will fall within the 
scope of the claims. 



Claims 

1. A method of continuously casting metal strip of the kind in which a casting pool off molten metal (30) is formed in 
contact with a moving casting surface (ISA) such that metal solidifies from the pool onto the moving casting sur- 
face, wherein the casting surface has an Arithmetical Mean Roughness Value (Ra) of less than 5 microns and there 
is induced relative vibratory movement between the molten metal off the casting pool and the casting surface. 

2. A method as claimed in claim 1 , wherein the casting surfface (1 6A) has an Arithmetical Mean Roughness Value (RJ 
of less than 0.5 microns and said induced vibratory movement has a frequency off no more than 20 kHz. 

3. A method as claimed in claim 2, wherein the casting surface (16A) has an Arithmetical Mean Roughness Value (RJ 
of less than 0.2 microns and said induced vibratory movement has a frequency in the range 0.5 to 20 kHz. 

4. A method of continuously casting metal strip of the kind in which molten metal is introduced into the nip between a 
pair of parallel casting rolls (16) via a metal delivery nozzle (19) disposed above the nip to create a casting pool of 
molten metal (30) supported on casting surfaces (16A) of the rolls immediately above the nip and the casting rolls 
are rotated to deliver a solidified metal strip (20) downwardly from the nip. wherein the casting surfaces (1 6A) of the 
rolls (16) have an Arithmetical Mean Roughness Value (RJ of less than 5 microns and there is induced relative 
vibratory movement between the molten metal of the casting pool and the casting surfaces off the rolls. 

5. A method as claimed in claim 4. wherein the casting surfaces (16A) of the rolls (16) have an Arithmetical Mean 
Roughness Value (Ra) of less than 0.5 microns and said Induced vibratory movement has a frequency of no more 
than 20 kHz. 

6. A method as claimed in claim 5. wherein the casting surfaces (16A) of the rolls (16) have an Arithmetical Mean 
Roughness Value (Rg) of less than 0.2 microns and said induced vibratory movement has a frequency in the range 
0.5 to 20 kHz. 
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A method as claimed in any one of claims 4 to 6. wherein the peak velocity of said induced relative vibratory move- 
ment is in the range determined by the formula 



where 



10 



15 



^peak is the peak velocity of the vibratory movement (m/s), 
a Is the surface tension of the molten metal (N/m). 
P is the density of the molten metal (kg/m^), 
c is the acoustic velocity in the molten metal, and 

Rc is the critical radius of curvature for complete wetting conditions (m). as determined by the formula 

R hp 
^ " sin (1 80 - 2arctg d/h p) 

20 where 

hp is the half pitch distance between peaks of the casting surfaces of the rolls as determined from the rough- 
ness of those surfaces (m); and 

d is the peak to valley depth of the casting surfaces of the rolls as determined from the roughness of those sur- 
faces (m). 

8. A method as claimed in cfaim 7, wherein said peak velocity is in the range detemtlned by the formula 

8.a +10% 

9. A method as cfaimed In claim 4. wherein the casting surfaces (16A) have an Arithmetical Mean Roughness Value 
(Ra) of less than 0.25 microns and the peak velocity of said induced relative vibratory movement is in the ranoe 0 02 
to 0.06 m/s. ^ 

10. A method as claimed in claim 4, wherein said metal is a low carbon steel of less than 0.15% carbon the casting 
surfaces (16A) have an Arithmetical Mean Roughness Value (RJ of less than 0.25 microns and the peak velocity 
of said induced relative vibratory movement is in the range 0.015 to 0.05 m/s. 

40 1 1 . A method as claimed in claim 4. wherein said metal is aluminium, the casting surfaces (1 6A) have an Arithmetical 
Mean Roughness Value (R^) of less than 0.25 microns and the peak velocity of said induced relative vibratory 
movement is In the range 0.06 to 0. 1 0 m/s. 

1 2. A method as claimed In any one of claims 9 to 11 . wherein the frequency of said induced relative vibratory move- 
45 ment is no more than 20 kHz. 

13. A method as claimed in any one of claims 7 to 12. wherein the casting rolls (16) are rotated at such speed as to 
deliver the solidified metal strip (20) at a strip speed in the range 0.5 to 5 m/s. 

50 14. A method as claimed in claim 13. wherein the solidified metal strip (20) as delivered downwardly from the nip 
between the casting rolls (16) has a thickness in the range 1 to 5 mm. 

15. A method as claimed in any one of daims 4 to 14. wherein the molten metal solidifies on the casting surfaces of 
the rolls at nucleation sites spaced at a nucleation density of at least 400 nuclei/mm^. 



25 



30 



35 



55 



16. A method as claimed in claim 15, wherein said nucleation density is in the range 600 to 700 nuclei/mm^. 

1 7. A method as claimed in any one of claims 4 to 1 3. wherein said relative vibratory movement is Induced by vibrating 
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the casting rolls (16). 

18. A method as claimed in claim 14, wherein said relative vibratory movement is induced by means of transducer 
means (110) attached to a structure (31) supporting or in contact with the casting rolls. 

5 

19. A method as claimed in any one of claims 1 to 3. wherein the peak velocity of said induced relative vibratory move- 
ment is in the range determined by the formula 

«o««k = -^^ ±50% 
10 P®3K icpcRg 



where 

'5 Opeak is the peak velocity of the vibratory movement (m/s), 

a is the surface tension of the molten metal (N/m), 
p is the density of the molten metal (kg/m^). 
c is the acoustic velocity in the molten metal, and 

Rc is the critical radius of curvature for complete wetting conditions (m), as determined by the formula 

20 

R -__J1p— 
c - sin (180 - 2arctg d/hp) 



25 where 

hp is the half pitch distance between peaks of the casting surface as determined from the roughness of that 
surface (m); and 

d is the peak to valley depth of the casting surface as determined from the roughness of that surface (m). 

30 20. Apparatus for continuously casting metal strip comprising a pair of parallel casting rolls (16) forming a nip between 
them, a metal delivery nozzle (19) for delivery of molten metal into the nip between the casting rolls to form a cast- 
ing pool of molten metal (30) supported on cast roll surfaces (16A) immediately above the nip. roll drive (41) to drive 
the casting rolls in counter-rotational direction to produce a solidified strip of metal (20) delivered downwardly from 
the nip, and vibration means (110) operable to induce relative vibratory movement between the molten metal of the 

35 casting pool (30) and the casting surfaces (1 6A) of the rolls, wherein the casting surfaces (1 6A) of the casting rolls 
(16) have an Arithmetical Mean Roughness Value (RJ of less than 5 microns. 

21. Apparatus as claimed in claim 20. wherein the casting surfaces (16A) of the rolls (16) have an Arithmetical Mean 
Roughness Value (Ra) of less than 0 5 microns and said vibration means (1 10) is operable to induce said relative 

40 vibratory movement at a frequency of no more than 20 kHz. 

22. Apparatus as claimed in claim 21 . wherein the casting surfaces (16A) of the rolls (16) have an Arithmetical Mean 
Roughness Value (Rg) of less than 0.2 microns and said vibration means (1 10) is operable to induce said relative 
vibratory movement at a frequency in the range 0.5 to 20 kHz. 

45 

23. Apparatus as claimed in any one of claims 20 to 22. wherein sakl vibration means (1 10) is operable to induce said 
relative vibratory movement with a peak vibrational velocity in the range 0.015 to 0.06 m/s. 

24. Apparatus as claimed in any one of claims 20 to 22. wherein said vibration means (110) is operable to induce said 
50 relative vibratory movement with a peak vibrational velocity in the range 0.06 to 0. 1 0 m/s. 

25. /Apparatus as claimed in any one of claims 20 to 24. wherein said vibrational means comprises a transducer means 
(110) attached to a structure (31) supporting or in contact with the casting rolls (16). 

55 PatentansprOche 

1. Verfahren zum Stranggie3en von Metallband der Art. wobei ein GieBtOmpel aus schmelzflQssigem Metall (30) im 
Kontakt mit einer sich bewegenden GieBfiache (16A) ausgebildet wird. so da6 ein Metall aus dem TQmpel auf der 
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sich bewegenden Giel3fiache erstarrt, wobei die GieBfiache einen arithmetlsch gemlttelten Rauhtgkeitswert (R^) 
von weniger als 5 aufweist und eine erzwungene relative Schwingungs- bzw. Vibrationsbewegung zwischen 
dem schmelzflQsslgen Metall des GleBtumpels und der QieBflSche auftritt. 

Verfahren nach Anspruch 1, wobei die GieOfldche (16A) einen arithmetisch gemittelten Rauhigkertswert (Rg) von 
weniger als 0.5 jim aufweist und die erzwungene Vibrationsbewegung eine Frequenz von hOchstens 20 kHz auf- 
weist. 

Verfahren nach Anspruch 2, wobei die GleRfiache (16A) einen arithmetisch gemittelten Rauhigkertswert (R^) von 
weniger als 0,2 ^m aufweist und die erzwungene Vibrationsbewegung eine Frequenz im Bereich von 0,5 bis 20 
kHz aufweist. 

Verfahren zum StranggieBen von Metallband der Art, wobei schmelzflusslges Metall durch einen oberhalb eines 
Walzenspalts angeordneten MetallausguB (19) in den Walzenspalt zwischen einem Paar paralleler GieBwalzen 
(16) eingebracht wird. um einen GieBtumpel aus schmelzflussigem Metall (30) zu erzeugen, der auf den GieBfld- 
chen (16A) der Walzen unmittelbar oberhalb des Spalts auflregt. und wobei die GieBwalzen in Drehung versetzt 
werden. um ein erstarrtes Metallband (20) aus dem Spalt nach unten abzugeben, wobei die GieBfiachen (16A) der 
Walzen (16) einen arithmetisch gemittelten Rauhigkeltswert (RJ von weniger als 5 ^m aufweisen. und wobei eine 
erzwungene relative Vibrationsbewegung zwischen dem schmelzflQsslgen Metall des GieBtOmpels und den GieB- 
f lachen der Walzen auftritt. 

Verfahren nach Anspruch 4, wobei die GieBflSchen (16A) der Walzen (16) einen arithmetisch gemittelten Rauhig- 
keltswert (Ra) von weniger als 0,5 jim aufweisen und die erzwungene Vibrationsbewegung eine Frequenz von 
hOchstens 20 kHz aufweist. 

Verfahren nach Anspruch 5, wobei die QieBflfichen {16A) der Walzen (16) einen arithmetisch gemittelten Rauhig- 
keltswert (Ra) von weniger als 0,2 aufweisen und die erzwungene Vibrationsbewegung eine Frequenz im 
Bereich von 0.5 bis 20 kHz aufweist. 

Verfahren nach einem der AnsprQche 4 bis 6, wobei die Spitzengeschwlndlgkeit der erzwungenen relativen Vibra- 
tionsbewegung in den durch die fbfgende Formel festgelegten Bereich liegt: 



wobei 

Vpeak die Spitzengeschwindigkeit der Vibrationsbewegung (m/s) ist. 
a die Oberfldchenspannung des schmelzflussigen Metalls (N/m) ist, 

p die Dichte des schmelzflussigen Metalls (kg/m^) ist, 

c die Schallgeschwindigkelt In dem schmelzflussigen Metall Ist, und 

Rc der kritische Krummungsradius unter Bedingungen einer vollstandigen Benetzung (m) ist. bestimmt nach 
der Formel: 

R 

sln(180-2arctgd/hp) 

wobei 

hp der halbe Mittenabstand zwischen Erhebungen der WalzengleBflachen ist, bestimmt aus der Rauhlgkeit 
dieser Fiachen (m); und 

d die Rauhtiefe der WalzengieBffachen ist. bestimmt aus der Rauhigkeit dieser FlSchen (m). 

Verfahren nach Anspruch 7. wobei die Spitzengeschwindigkeit in dem durch die fblgende Formel festgelegten 
Bereich liegt: 
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5 9. Verfahren nach Anspruch 4, wobei die Gief3f lichen (16A) einen arithmetisch gemittelten Rauhrgkeitswert (Ra) von 
weniger als 0.25 ixm aufweisen und die Spitzengeschwindigkeit der erzwungenen Vibrationsbewegung im Bereich 
von 0,02 bis 0,06 m/s liegt. 

10. Verfahren nach Anspruch 4, wobei das Metall ein kohlenstoffarmer Slahl mit weniger als 0,15% Kohlenstoff ist, 
10 wobei die GieBfldchen (16A) einen arithmetisch gemittelten Rauhigkeitswert (Ra) von weniger als 0.25 aufwei- 
sen. und wobei die Spitzengeschwindigkeit der erzwungenen Vibrationsbewegung im Bereich von 0.015 bis 0.05 
m/s liegt. 

11. Verfahren nach Anspruch 4. wobei das Metal! Aluminium ist. die GieBf lichen (16A) einen arithmetisch gemittelten 
15 Rauhigkeitswert (Ra) von weniger als 0.25 ^m aufweisen und die Spitzengeschwindigkeit der erzwungenen Vibra- 
tionsbewegung Im Bereich von 0,06 bis 0.10 m/s liegt. 

12. Verfahren nach einem der AnsprOche 9 bis 1 1, wobei die Frequenz der erzwungenen Vibrationsbewegung hdch- 
stens 20 kHz betrdgt. 

20 

13. Verfahren nach einem der Anspruche 7 bis 12, wobei man die GieBwalzen (16) mit einer solchen Geschwindigkeit 
rotieren IdBt. daB das erstarrte Metallband (20) mit einer Bandgeschwindigkeit im Bereich von 0,5 bis 5 m/s abge- 
geben wird. 

25 14. Verfahren nach Anspruch 13, wobei das erstarrte Metallband (20) bei der Abgabe aus dem Spalt zwischen den 
Gie^alzen (16) nach unten eine Dicke im Bereich von 1 bis 5 mm aufweist. 

15. Verfahren nach einem der Anspruche 4 bis 14. wobei das schmelzflussige MetatI an den Walzengief^tdchen an 
Kelmbildungsstellen erstarrt. die mit einer Keimblldungsdichte von mindestens 400 Keimen/mm^ beabstandet sind. 

30 

16. Verfahren nach Anspruch 15, wobei die Keimblldungsdichte Im Bereich von 600 bis 700 Keimen/him^ liegt. 

17. Verfahren nach einem der AnsprOche 4 bis 13. wobei die relative Vibrationsbewegung durch Anregung der GieB- 
walzen (16) zur Vibration ausgelOst wird. 

35 

18- Verfahren nach Anspruch 14, wobei die relative Vibrationsbewegung mit Hilfe einer Wandlereinrichtung (110) aus- 
geldst wird, die an einer Struktur (3 1 ) bef estigt ist. welche die GieBwalzen ( 1 6) tragt oder mit ihnen in Beruhrung ist. 

19. Verfahren nach einem der Anspruche 1 bis 3, wobei die Spitzengeschwindigkeit der erzwungenen relativen Vibra- 
40 tionsbewegung in dem durch die folgende Formel festgeiegten Bereich liegt: 

v_.. = ±50% 



wobei 



Vpeak die Spitzengeschwindigkeit der Vibrationsbewegung (m/s) ist. 
a die Oberfiachenspannung des schmelzflussigen Metalls (N/m) ist. 

50 p die Dichte des schmelzflussigen Metalls (kg/m^) ist. 

c die Schallgeschwindigkeit in dem schmelzflussigen Metall ist. und 

Rc der kritische Krummungsradlus unter Bedingungen einer vollstdndigen Benetzung (m) ist, bestimmt nach 
der Formel: 

<^ sin(180-2arctgd/h ) 
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wobei 

hp der halbe Mittenabstand zwischen Erhebungen der GieBfldche ist, bestimmt aus der RauhigKeit dieser 
Flache (m): und 

d die Rauhtiefe der GieBfldche ist. bestimmt aus der RauhigKeit dieser FIdche (m). 

Vorrichtung zum StranggieBen von Metallband, die aufweist: ein Paar parallele GieBwalzen (16), zwischen denen 
ein Walzenspalt ausgebildet ist, einen MetallausguQ (19) zur Abgabe von schmelzflussigem Metall in den Spalt 
zwischen den GieQwalzen, um einen GieBtumpel aus schmelzflussigem Metall (30) zu bilden, der von den Gie3- 
walzenflachen (16A) unmtttelbar oberhalb des Walzenspalts getragen wird. einen Walzenantrieb (41) zum Antrieb 
der GieBwalzen in gegeniauf iger Drehrichtung, um ein erstarrtes Metallband (20) zu erzeugen, das aus dem Wal- 
zenspalt nach unten abgegeben wird, und eine Vibrationselnrichtung (110), die betrieben werden kann. um eine 
relative Vibrationsbewegung zwischen dem schmelzflussigen Metall des GieBtumpels (30) und den GieBflSchen 
(16A) der Walzen anzuregen, wobei die GieBf ISchen (16A) er GieQwalzen (16) einen arithmetisch gemittelten Rau- 
higkeitswert (RJ von wenlger als 5 pm aufwelsen . 

Vorrichtung nach Anspruch 20. wobei die GieBf lichen {16A) der Walzen (16) einen arithmetisch gemittelten Rau- 
higkeitswert (Ra) von weniger als 0.5 jim aufwelsen, und wobei die Vibrationseinrichtung (110) so betrieben wer- 
den kann. dafidie relative Vibrationsbewegung bei einer Frequenz von hOchstens 20 kHz angeregt wird. 

20 22. Vorrichtung nach Anspruch 21, wobei die GieBflachen (16A) der Walzen (16) einen arithmetisch gemittelten Rau- 
higkeitswert (Rg) von weniger als 0,2 ^irn aufweisen, und wobei die Vibrationselnrichtung (110) so betrieben wer- 
den kann, daB die relative Vibrationsbewegung bei einer Frequenz im Beretch von 0,5 bis 20 kHz angeregt wird. 

23. Vorrichtung nach einem der Anspruche 20 bis 22, wobei die Vibrationseinrichtung (1 10) so betrieben werden kann. 
25 daB die relative Vibrationsbewegung mit einer Vibrationsspitzengeschwindigkeit im Bereich von 0,01 5 bis 0,06 m/s 

angeregt wird. 

24. Vorrichtung nach einem der AnsprQche 20 bis 22. wobei die Vibrationseinrichtung ( 1 1 0) so betrieben werden kann, 
daB die relative Vibrationsbewegung mit einer Vibrationsspitzengeschwindigkeit im Bererch von 0.06 bis 0.10 m/s 

30 angeregt wird. 

25. Vorrichtung nach einem der Anspruche 20 bis 24, wobei die Vibrationseinrichtung eine Wandlereinrichtung (110) 
: aufweist. die an einer Struktur (31) befestigt ist, welche die GieBwalzen (16) trdgt Oder mit ihnen in BerOhrung ist. 

35 Revendications 

1 . Proc^d de coulee en continu de bande m^tallique du type dans lequel une reserve de coulee de m6tal fondu (30) 
est form6e en contact avec une surface de coul6e en mouvement (16A) telle que le m^tal se solidifie depuis la 
r^erve sur la surface de coulee en mouvement. dans lequel la surface de coulee a une valeur moyenne arithm^- 

40 tique de rugosity (Ra) de moins de 5 microm^res et dans lequel il y a un mouvement vibratoire retatif induit entre 
le m6tal fbndu de la reserve de coulee et la surface de coulee. 

2. Proc6d6 selon la revendication 1. dans lequel la surface de coul6e (16A) a une valeur moyenne arithm6tique de 
rugosity (Rg) de morns de 0,5 micrometre et ledit mouvement vibratoire induit a une fr^uence n'excedant pas 20 

45 kHz. 

3. Proced6 selon la revendication 2, dans lequel la surface de coulee (ISA) a une valeur moyenne arithm^tique de 
rugosity (RJ de moins de 0,2 micrometre et ledit mouvement vibratoire induit a une frequence comprise entre 0,5 
et 20 kHz. 

50 

4. Proc6d6 de coul6e en continu de bande metallique du type dans lequel le m^tal fondu est introduit dans I'espace 
entre une paire de rouleaux de coulee parall^les (16) k travers une buse de distribution de m6tal (19) dispos6e au 
dessus de Tespace pour cr^er une reserve de coulee de m^tal fbndu (30) s'appuyant sur les surfaces de coulee 
(16A) des rouleaux immediatement au dessus de Tespace et les rouleaux de coulee sent mis en rotation pour d6li- 

55 vrer vers le bas depuis I'espace, une bande metallique soltdif iee (20), dans lequel les surfaces de coulee (1 6A) des 
rouleaux (1 6) ont une valeur moyenne arithmetique de rugosite (RJ de moins de 5 micrometres et dans lequel il y 
a un mouvement vibratoire refatif induit entre le metal fondu de la reserve de coulee et les surfaces de coulee des 
rouleaux. 



20. 
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5. Proc6d6 selon la revendicatlon 4. dans lequel les surfaces de coulee (16A) des rouleaux (16) ont une valeur 
moyenne arlthm^tique de rugosity (Rq) de moins de 0,5 micrometre et iedit mouvement vibratoire indult a une fr^ 
quence n'exc^ant pas 20 kHz. 

5 6. * Proced6 selon la revendication 5, dans lequel les surfaces de coulee (16A) des rouleaux (16) ont une valeur 
moyenne arithm^tique de rugosity (Ra) de moins de 0,2 micrometre et Iedit mouvement vibratoire induit a une fre- 
quence comprise entre 0.5 et 20 kHz. 

7. Precede selon Tune quelconque des revendications 4 a 6, dans lequel le pic de velocite dudit mouvement vibratoire 
10 induit est compris dans I'lntervalle determine par la formule : 



15 



20 



8.a 

Up.c = ± 50% 

TtpCRc 



dans laquelle 



Upjc est la v6locite maximum du mouvement vibratoire (m/s), 
a est la tension superf icielle du m^tal fondu (N/m), 
p est la density du metal fondu (kg/m^), 
c est la velocite acoustique du m^tai fondu et 
25 Rc est le rayon de courbure critique (m) pour des conditions de mouiliage complet tel que d§termin§ par la for- 

mule : 

hp 

sin(180-2arctg d/hp) 



35 dans laquelle 

hp est la demi-distance entre les pics des surfaces de coulee des rouleaux d^termin^e k partir de la rugosit§ 
de ces surfaces (m) ; et 

d est la profondeur entre le pic et le creux des surfaces de coulee d6termin6e k partir de la rugosity de ces 
surfaces (m). 

40 

8. Proc6d6 selon la revendication 7. dans lequel Iedit pic de velocity est compris dans I'lntervalle d^termin^ par la for- 
mule : 

45 8.a + 10% 

Upic " 



npcRc - 50 % 



'0 



50 



9. Proc^6 selon la revendication 4 dans lequel les surfaces de coulee (ISA) ont une valeur moyenne arlthmetique 
de rugosity (Ra) de moins de 0,25 microm^re et le pic de v6locit6 dudit mouvement vibratoire relatif induit est com- 

55 pris entre 0.02 et 0.06 nVs. 

10. Proc^§ selon la revendication 4, dans lequel Iedit m^tal est un acier ^iblement carbon^ k moins de 0.15 % de 
carbone. les surfaces de coulee (16A) ont une valeur moyenne arlthmetique de rugosity (Ra) de moins de 0.25 
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micrometre et le pic de velocity dudit mouvement vibratoire relatif induit est compris entre 0.015 et 0,05 m/s. 

11. Proc6d6 selon la revendication 4, dans lequel ledlt m6tal est I'aluminlum, les surfaces de coulee (16A) ont une 
valeur moyenne arithmetique de rugosit6 (RJ de moins de 0,25 micrometre et fe pic de v6locit6 dudit mouvemenf 
vibratoire relatif induit est compris entre 0,06 et 0.10 m/s. 

12. Proc6d6 selon Tune quelconque des revendications 9^11, dans lequel la frequence dudit mouvement vibratoire 
relatif Induit n'excede pas 20 kHz. 

13. Proc6d6 selon Tune quelconque des revendicatlons 7 ^ 12. dans lequel les rouleaux de coulee (16) sont mis en 
rotation a une vitesse permettant de d6livrer la bande metallique solidifiee (20) k une vltesse de bande comprise 
entre 0,5 et 5 m/s. 

14. Precede selon la revendication 13. dans lequel la bande de metal solidrfie (20) deiivree vers le bas depuis Pespace 
entre les rouleaux de coulee (16) a une epaisseur comprise entre 1 et 5 mm. 

15- Precede selon I'une quelconque des revendications 4^14. dans lequel le metal fondu se solidifie sur les surfaces 
de coulee des rouleaux sur des sites de nucieation espaces selon une denslte de nucieation d'au moins 400 
noyaux/mnr. 

16. Procede selon la revendication 15. dans lequel ladite densite de nucieation est comprise entre 600 et 700 
noyaux/mm^. 

17. Procede selon Tune quelconque des revendications 4 ^i13. dans lequel ledit mouvement vibratoire relatif est induit 
par la vibration des rouleaux de coulee (16). 

18. Precede selon la revendication 14. dans lequel ledit mouvement vibratoire relatif est induit au moyen d'un systeme 
transducteur (110) fixe sur une structure (31) supportant les rouleaux de coul6e ou en contact avec eux. 

1 9. Procede selon Tune quelconque des revendications 1 k 3. dans lequel le pic de veiodte dudit mouvement vibratoire 
induit est compris dans Tintervalle detennlne par la fbrmule : 

8.a 

Upic = ± 50% 

TCpcRc 

dans laquelle 

Upjc est la veiocite maximum du mouvement vibratoire (m/s), 

CT est la tension superficielle du metal fondu (N/m). 

p est la densite du metal fondu (kg/m^). 

c est la veiocite acoustique du metal fondu et 

Rc est le rayon de courbure critique pour des conditions de mouillage complet tel qu'il est determine par la for- 
mula : 

hp 

= 

sin(180-2arctg d/hp) 

dans laquelle 

hp est la demi<listance entre les pics de la surface de coulee determin6e d partir de la rugosite de cette sur- 
face (m) ; et 
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d est la profondeur errtre le pic et le creux de la surface de coul§e d^terminee k partir de la rugosity de cette 
surface (m). 

20. Appareil pour la coulee en continu de bandes m^talllques. comprenant une paire de rouleaux de coulee parall^les 
(16) formant un espace entre eux. une buse de distribution de m^tal (19) pour la d§livrance du m6tal fondu dans 
I'espace entre les rouleaux de coulee pour former une reserve de coulee de metal fondu (30) s'appuyant sur les 
surfaces de coulee (ISA) immedlatement au dessus de I'espace. un dispositif tfentraTnement des rouleaux (41) 
pour entraTner les rouleaux de coulee en sens inverse I'un par rapport k I'autre de fa^on k produire une bande 
metallique solidifiee (20) delivr6e vers le bas depuis Tespace. et un systeme vibrant (110) pouvant etre mis en 
action pour induire un mouvement vibratoire relatif entre le m6tal fondu de la reserve de coulee (30) et les surfaces 
de coulee (16A) des rouleaux, dans lequel les surfaces de coulee (ISA) des rouleaux de coul6e (16) ont une valeur 
moyenne arithmetique de rugosite (Ra) de moins de 5 micrometres. 

21. Appareil selon la revendication 20. dans lequel les surfaces de coulee (ISA) des rouleaux (16) ont une valeur 
moyenne arithmetique de rugosite (RJ de moins de 0.5 micrometre et ledit systeme de vibration (110) peut §tre 
mis en action pour induire ledit mouvement vibratoire relatif k une frequence n'exc6dant pas 20 kHz. 

22. Appareil selon la revendication 21, dans lequel les surfaces de coulee (16A) des rouleaux (16) ont une valeur 
moyenne arithmetique de rugosite (RJ de moins de 0.2 micrometre et ledit systeme de vibration (110) peut §tre 
mis en action pour induire ledit mouvement vibratoire relatif k une frequence comprise entre 0,5 et 20 kHz. 

23. Appareil seton Tune quelconque des revendications 20 k 22. dans lequel ledit systeme de vibration (110) peut §tre 
mis en action pour induire ledit mouvement vibratoire relatif avec un pic de v6locite vibrationnelle compris entre 
0,015 et 0.06 m/s. 

24. Appareil selon Tune quelconque des revendications 20 k 22. dans lequel ledit systeme de vibration (1 10) peut §tre 
mis en action pour induire ledit mouvement vibratoire relatif avec un pic de veiocite vibrationnelle compris entre 
0,06 et 0.10 m/s. 

25. Appareil selon Tune quelconque des revendications 20 k 24. dans lequel ledit systeme de vibration comprend un 
systeme transducteur (110) fix6 k une structure (31) supportant les rouleaux de coul6e (16) ou en contact avec 
eux. 
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0.18 Ra; Coarse Structure 




K avg. 

K min. 

K max. 

K std. 



15.76 
10.11 
2?.88 
0.25 



9-27-3 
K - 15 
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Refined Structure 




K avg. 

K min. 

K max. 

K std. 



32.81 
26.22 
38.15 
0.29 



9-38-3 
K =36 



7. 
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(x50) 




f=4KHz,- a=1-6|j 



m 



(x50) 
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